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Sensitivity of C-Reactive Protein and Procalcitonin Measured
by Point-of-Care Tests to Diagnose Urinary Tract Infections
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Background. Diagnosing urinary tract infections (UTIs) in nursing home residents is complex, as specific urinary symptoms are
often absent and asymptomatic bacteriuria (ASB) is prevalent. The aim of this study was to assess the sensitivity of blood C-reactive
protein (CRP) and procalcitonin (PCT), measured by point-of-care tests (PoCTs), to diagnose UTIs in this setting.

Methods. Elderly residents (>65 years old) with a suspected UTI were recruited from psychogeriatric, somatic, or rehabilitation
wards across 13 participating nursing homes. CRP and PCT were tested simultaneously in the same study participants. To assess the
tests” sensitivities, a stringent definition of “true” UTI was used that included the presence of symptoms, urinary leucocytes, a pos-
itive urine culture, and symptom resolution during antibiotic treatment covering isolated uropathogen(s). The original sample size
was 440 suspected UTI episodes, in order to detect a clinically relevant sensitivity of at least 65% when calculated using the matched
analysis approach to compare both PoCTs.

Results.  After enrollment of 302 episodes (68.6% of the planned sample size), an unplanned and funder-mandated interim anal-
ysis was done, resulting in premature discontinuation of the study for futility. For 247 of 266 eligible episodes, all mandatory items
required for the true UTI definition (92.9%) were available. In total, 49 episodes fulfilled our stringent UTI definition (19.8%). The
sensitivities of CRP (cut-off, 6.5 mg/L) and PCT (cut-off, 0.025 ng/mL) were 52.3% (95% confidence interval [CI], 36.7-67.5%) and

37.0% (95% CI, 23.2-52.5%), respectively.
Conclusions.
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Suspected urinary tract infections (UTIs) rank among the most
common reasons for antibiotic use in nursing homes [1-3].
Diagnosing UTIs in this setting can be challenging. The ex-
pression of specific urinary symptoms (eg, dysuria or urgency)
in elderly residents with cognitive impairments can be limited
[4, 5]. UTI may present solely by nonspecific symptoms [6],
which are frequently reported in elderly residents but can also
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be attributed to many other causes [7]. Also, asymptomatic bac-
teriuria (ASB) is common, which complicates the attribution of
causality to bacteria in urine [8-10]. Therefore, current urine
tests have limited value in diagnosing UTIs in this population,
which leads to antibiotic overuse, fueling antimicrobial resist-
ance in nursing homes [11, 12].

Point-of-care tests (PoCTs) measuring blood C-reactive pro-
tein (CRP) and procalcitonin (PCT) have the potential to im-
prove UTI diagnoses and subsequent antibiotic use in elderly
residents. CRP and PCT have proven to be useful in diagnosing
and monitoring respiratory tract infections and sepsis in both
hospital and primary care settings [13-16]. For the diagnosis
of UTI, the use of CRP and PCT has not been extensively
studied, particularly among elderly patients in nursing home
settings. Previous studies comprised mainly severely ill patients
requiring hospitalization or focused on differentiating upper
UTIs from lower UTIs [17-22]. These studies are less applicable
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to nursing home residents, as suspected UTIs in this elderly
population mainly involve lower UTIs (cystitis) [23].

Two previous studies in adults, including elderly adults, sug-
gest that PCT can contribute to the reduction in antibiotic ex-
posure by ruling out a UTI. A randomized controlled trial using
a PCT-based algorithm at the emergency ward in adults with
UTI found a 30% reduction in antibiotic exposure, including
in elderly patients with lower UTIs [24]. A retrospective study
in older adults with suspected lower UTIs showed a high nega-
tive predictive value of PCT (91% at 0.25 ng/mL) [25]. However,
these studies did not establish the sensitivity of CRP or PCT to
diagnose UTIs in an elderly population.

The objective of this study was to assess the sensitivity of
blood CRP and PCT levels, measured by PoCTs, to diagnose
UTIs in nursing home residents.

METHODS

Study Design

The initial aim of this study was to assess whether 1 or both in-
flammatory markers, measured by PoCTs, had a sensitivity of
>65% in a matched study design [26]. Due to slow patient en-
rollment, an unplanned interim analysis was performed at the re-
quest of the funder. This led to premature discontinuation of the
study and cancellation of the matched analyses. This manuscript
reports the results of the interim analysis, including the sensitivity
of both PoCTs separately, and a futility analysis. This manuscript
is written using the STAndards for the Reporting of Diagnostic
accuracy studies (STARD) reporting guidelines. [27]

Sample Size Calculation

The original sample size was 440 suspected UTI episodes, cal-
culated for the matched analysis approach comparing both
PoCTs. This interim analysis includes 186 participants with 266
episodes of a suspected UTL

Participants

Elderly residents (>65 years old) were eligible for enrollment
any time a UTI was suspected based on the clinical judge-
ment of the attending nurse or physician. The exclusion cri-
teria were: (1) previous enrollment in the past 30 days; (2) a
suspected respiratory tract infection; (3) any suspected other
infection requiring antibiotic therapy; and (4) urine collected
or blood drawn >24 hours after initiation of antibiotic therapy.
Consecutive participants were identified in 13 nursing homes
belonging to 3 nursing home organizations in the Netherlands,
with a total number of 1.400 resident beds, of which 80% were
in psychogeriatric wards and 10% each were in somatic and re-
habilitation wards.

Study Procedures
The full study protocol was published previously [26]. Briefly,
the attending physician or nurse informed the study staff about

potentially eligible participants on weekdays. These profes-
sionals also registered demographics, signs and symptoms, anti-
biotic use, and symptom resolution during follow-up (10 days)
on clinical report forms. The attending physician decided
whether or not to prescribe antibiotics based on current clinical
practice. Data were collected and encoded through an electronic
data capture system using software from Open Data Kit [28].
The urine collection method was dependent on the condition
of participant. Accepted specimens were spontaneously voided
urine or urine from insert pans, indwelling urinary catheters,
or incontinence pads. The feasibility of diaper-collected urine
was previously assessed [29]. The study staff performed blood
draws by venipuncture or the finger prick method. Participants,
attending physicians, and nurses were not informed of PoCT,
urine dipstick, or bacterial culture results.

Index Tests

Collected blood samples were used within 4 hours for point-of-
care index tests. For CRP, the Afinion AS100 platform (Alere
Health B.V.) was used, with upper (ULQ) and lower limits of
quantification (LLQ) of 200 and 5 mg/L, respectively. For PCT,
the Samsung LABGEO IB10 PoC platform (Avant Medical B.V.)
was used in the first months of data collection, with a ULQ and
LLQ of 10 and 0.08 ng/mL, respectively. After this period, the
Afiasl PCT Plus (Avant Medical B.V.) became available, ena-
bling finger prick blood sample collection instead of venipunc-
ture, and was used instead (ULQ and LLQ: 50 and 0.02 ng/mL,
respectively). All analyzers were used according to the manu-
facturers’ protocols. No prespecified test positivity cut-offs were
defined, as the empirical cut-off was identified during the anal-
ysis to derive the sensitivities of both PoCTs.

Reference Test

As no reference test for the diagnosis of a UTI existed, a strin-
gent post hoc definition for a “true” UTI was used to minimize
the probability of misclassification while assessing the sensi-
tivity of the index tests (CRP and PCT). A UTI was considered
present when 5 criteria were met: (1) at least 2 urinary or non-
specific symptoms were present; (2) a urine leucocyte esterase
test was positive; (3) uropathogens were present in bacterial
culture at >10* colony-forming units/mL; (4) there were not
more than 2 uropathogens; and (5) symptoms resolved in the
course of adequate antibiotic treatment (ie, proven suscepti-
bility of isolated uropathogens to the administered antibiotic).
The research staff was blinded to the reference test while per-
forming the index tests.

Analysis

Enrolled cases with missing index or reference test results were ex-
cluded from the analysis. We derived empirical cut-off values for
PCT and CRP from the receiver-operator curve for the classifica-
tion of study-defined UTIs. For dealing with multiple episodes
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in a single participant, we used resampling to derive sensitivity,
specificity, and area under the receiver-operator curve (AUROC).
Resampling entailed selecting a single episode from each partici-
pant through simple random sampling with replacement, and cal-
culating the test characteristics. This was repeated 1.000 time, which
provided the 95% confidence interval (CI) of the test characteristics.

PoCT values below the LLQ were set at 0. In a sensitivity
analysis, values were set at the midpoint between 0 and the LLQ.
Calculations were performed in STATA version 14 [30]. Violin
plots were made in RStudio Version 1.2.1335 [31].

We present classification curves to depict the frequencies
of true and false-positive classifications of study-defined
UTIs over the range of marker values identified in the study
[32].

Post Hoc Analysis

During the study, a new Dutch guideline on clinical management
of UTIs in vulnerable elderly adults presented a clinical algorithm
to define a UTI [33]. This algorithm was only based on signs and
symptoms and the presence of leucocytes or nitrite in urine. In a
post hoc analysis, we used this less stringent definition of a UTI
to estimate the test characteristics of the 2 markers.

Patient and Public Involvement
Patients or the public were not involved in this study.

Ethical Considerations

The Medical Ethical Committee of Amsterdam Universitair
Medische Centra (UMC) location Vrije Universiteit (VUmc)
approved the study protocol (reference number 2017.350,
National Central Committee on Research Involving Human

Subjects reference number NL62067.029.17). A preemptive in-
formed consent procedure was used. Participants, or represent-
atives when patients were incapacitated, were asked for written
informed consent a priori at admission, to participate once a
UTI was suspected during the study period. Residents’ capacity
to give informed consent was assessed by the attending phy-
sician or nurse. The study was conducted in accordance with
Good Clinical Practice guidelines and the principles of the
Declaration of Helsinki.

RESULTS

Informed Consent

Overall, 40% of nursing home residents or their representatives
gave informed consent, while 20% did not (because of vulner-
ability of the resident, old age, comorbidities, or study burden)
and 40% did not respond to the request sent by mail. This re-
sulted in a limited number of eligible residents.

Participant Flow

At the time of the interim analysis, the study had collected
data on 313 episodes of a suspected UTI between November
2017 and August 2019 (Figure 1). Of these episodes, 39
met the exclusion criteria, while 8 were not included due
to logistical reasons. For 247 of the resulting 266 eligible
episodes, all mandatory items for the post hoc UTI defini-
tion (reference test) were available (92.9%). For CRP and
PCT index PoCTs, results were available in 225 and 216
suspected UTI episodes, respectively. Missing PoCT results
were due to failed blood draws, inadequate sample volumes,
or PoCT errors.

n =313

Potentially eligible episodes

| —

Eligible episodes
n =302
[

Notincluded n=11
Suspected RTI (n =3)
Logistical reasons (n = 8)

Excluded n=36
Previous enrolment <30 days (n=6)
>24hours between start AB and urine collection (n=16)

v

n =266

Eligible episodes for analysis

l—»

>24hours between start AB and blood draw (n = 14)

No reference standard n= 192

No information on signs and symptoms n =0
No dipstick result n =13

No culture result n=16

No information on prescribed AB N =1

No information on symptom resolution n = 4°

n =225

No index test CRP n = 22 Reference standard

No blood draw (n = 6) n=247

No PoCT result (n = 16)
No index test PCT n=31

No blood draw (n=6)

No PoCTresult (n=25)

v v
Index test CRP Index test PCT

n =216

Figure 1. Flow of suspected UT! episodes in the Point-of-care diagnostics to guide appropriate antimicrobial therapy of urinary tract infections in nursing homes (PROGRESS)
study.  Multiple missing items required for reference testing can occur within 1 episode.  No symptom resolution info at Days 5 and 10. Abbreviations: AB, antibiotic therapy;
CRP, C-reactive protein; PCT, procalcitonin; PoCT, point-of-care test; RTI, respiratory tract infection; UTI, urinary tract infection.
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Characteristics of Participants

The 266 eligible suspected UTI episodes were identified in
186 unique participants (30.1% recurrent suspected UTIs;
Table 1). The majority of participants were female (n = 144;
77.4%) and the median age was 87 years (range, 66-107).
Participants were enrolled mainly from psychogeriatric wards
(n = 130; 70.0%).

Frequency of “True” UTIs

Of the 247 suspected UTI episodes with a complete reference
test, in 180 episodes at least 2 symptoms required for the strin-
gent UTT definition were present (Table 2). Of these 180 epi-
sodes, urinary leucocytes were present in 146 episodes. In 79 of
these 146 episodes, bacterial cultures were positive, and 65 of
these 79 episodes were treated with antibiotics covering the iso-
lated uropathogen(s). In 49 of these episodes the initial symp-
toms resolved during adequate antibiotic therapy, meaning that
these 49 fulfilled our post hoc definition of a true UTT (19.8%).
Ten suspected UTI episodes were related to an indwelling uri-
nary catheter.

Primary Outcome
The empirical estimated cut-off level for CRP was 6.5 mg/L,
which resulted in a sensitivity of 57.2% (95% CI, 48.9-65.4%)
and a specificity of 54.4% (95% CI, 51.8-57.0%; Table 3). For
PCT, the empirical estimated cut-off level was 0.025 ng/mL,
with a sensitivity of 35.3% (95% CI, 27.0-43.6%) and a spec-
ificity of 57.8% (95% CI, 54.5-61.1%). The corresponding
AUROCs were 54.4% (95% CI, 50.0-58.9%) for CRP and
46.5 (95% CI, 41.9-51.0) for PCT. The poor ability to dis-
criminate true and false-positive classifications is illustrated
in Figure 2.

No differences in empirical cut-off, sensitivity, specificity, or
AUROC results were found using either a value for the LLQ of 0
or a value midway between 0 and the LLQ for both CRP and PCT.

Index Test Results
The concentrations of CRP and PCT were generally low, in
terms of the number of episodes of suspected UTI that both

Table 1. Baseline Characteristics Participants Point-of-care diagnostics
to guide appropriate antimicrobial therapy of urinary tract infections in
nursing homes (PROGRESS) Study

Baseline characteristics

186 (30.1% recurrent infections)
144 (77.4%)
87 (range, 66-107)

Number of unique patients
Female

Median age, years

Type of ward

Psychogeriatric 130 (70.0%)
Rehabilitation 29 (15.6%)
Somatic 27 (14.5%)

Data are shown as n (%) unless otherwise indicated.

Table 2. Presence of the 5 criteria required to fulfill the “true” urinary
tract infection definition

Presenting symptoms®

>2 symptoms present 180 72.9% (180/247)
Dipstick results,® leucocytes positive 146 81.1% (146/180)
Number of positive bacterial cultures® 79 54.1% (79/146)
Number of prescribed antibiotics covering 65 82.3% (65/79)

identified uropathogen(s)
75.4% (49/65)
19.8% (49/247)

Symptom resolution® 49

Total number of “true” UTls present based 49
on stringent definition

Abbreviations: CFU, colony-forming units; UTI, urinary tract infection.

? Presence of at least 2 urinary or nonspecific symptoms.

® Positive urine leucocyte esterase test: >1 + leucocytes detected by Combur2 dipstick
analysis.

© Positive bacterial culture was defined as the presence of 1 or 2 uropathogens at >10*
CFU/mL.

9 Proven susceptibility of isolated uropathogens to the administered antibiotic, in case of
positive urine culture.

¢ Resolution of the initially presented symptoms during follow-up; unknown symptom res-
olution is no symptom resolution. In case of missing data on symptom resolution at Day
10, symptom resolution at Day 5 was used.

met and did not meet the stringent UTI definition (Figure 3).
The number of index test results below the LLQ were 46.2%
and 58.8% for CRP and PCT, respectively. The median CRP
concentrations in episodes with and without a study-defined
UTI were 7.0 mg/L (interquartile range [IQR], 0-17.8 mg/L)
and 6.0 mg/L (IQR, 0-20 mg/L), respectively. The me-
dian PCT concentrations in episodes with and without a
true UTI were 0 ng/mL (IQR, 0-0.05 ng/mL) and 0 ng/mL
(IQR, 0-0.06 ng/mL), respectively.

Post Hoc Analysis

In our post hoc analysis, we included 252 of the eligible 266 epi-
sodes with full information on symptoms and dipstick results
(see Supplementary File A). We identified 101 episodes (40.1%)
fulfilling the latest Dutch UTI guideline definition [33]. Of the
252 episodes, 227 could be used in the CRP analysis and 219
could be used in the PCT analysis. The sensitivities of CRP (em-
pirical cut-off 7.5 mg/L) and PCT (empirical cut-off 0.035 ng/
mL) remained low at 54.8% (95% CI, 50.6-59.1%) and 42.9%
(95% CI. 38.2-47.6%), respectively (Table 3; for violin plots, see
Supplementary File B).

Futility Analysis

Based on this unplanned interim analysis, we assessed whether
the study should be stopped for futility. We assumed an iden-
tical proportion of the remaining participants to be classified as
having a UTI according to our study definition. We calculated
that for CRP, the sensitivity in the remaining population would
need to be 97% to achieve 65% sensitivity, the a priori—defined
minimal value, for the full sample size. For PCT, this minimal
sensitivity could not be reached. The study was therefore dis-
continued for futility.
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41.9-51.0
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53.6-60.4

AUROC (%)
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54.4
46.5
59.1

95% ClI
51.8-57.0

54.5-61.1
58.7-65.9

65.8-73.0

Specificity (%)

Est
54.4
57.8
62.3
69.4

95% ClI
48.9-65.4
270-43.6
50.6-59.1
38.2-476

Sensitivity (%)

Est
572
35.3

54.8
42.9

Empirical cut-off
6.5 mg/L

.025 ng/ml

7.5 mg/L

.035 ng/mL

CRP
PCT
Post hoc analysis using the clinical algorithm? UTI definition [33]
CRP
PCT

#In this post hoc analysis, the clinical algorithm described in the Dutch guideline on UTls in the vulnerable elderly [33] was used as reference standard. This algorithm is based on signs and symptoms and the presence of leucocytes or nitrite in urine, irre-

Data were calculated using ROC empirical cut-off estimation in primary and post hoc analyses. Abbreviations: AUROC, area under the receiver-operator curve; Cl, confidence interval; CRP C-reactive protein; Est, point estimate; PCT, procalcitonin; ROC,
spective of bacterial culture results or symptom resolution during adequate antibiotic treatment.

Table 3. Sensitivity of C-reactive protein and procalcitonin to detect urinary tract infection
receiver-operator curve; UTI, urinary tract infection.

Primary analysis using the stringent “true” UTI definition

Marker

DISCUSSION

In nursing home residents, sensitivities of CRP and PCT, meas-
ured by PoCTs to identify UTIs and fulfilling a stringent post hoc
definition for true UTIs, were low. About half of all PoCT results
were below the LLQ in both true UTT episodes and episodes not
fulfilling the UTT definition. We hypothesize that UTIs in nursing
home residents are mainly mild local infections (cystitis) that do
not cause increased inflammatory markers in blood.

Strengths and Limitations of the Study

This is a prospective, multicenter study involving elderly nursing
home residents, a frail, caregiver-dependent population that is
understudied. Involving psychogeriatric residents in clinical re-
search can be especially complex [34]. The lack of a reference
test for diagnosing UTIs is a challenge. We aimed to circumvent
this by using a stringent UTI definition for true UTIs, including
a clinical response during adequate antibiotic treatment (based
on drug-susceptibility results), to reduce misclassification of
the outcome. Although this might have excluded some patients
who did have a UTI, the post hoc analysis using less stringent
criteria [33] showed very similar sensitivity results.

In our study, the very low concentrations of both CRP and
PCT drove the poor performance of PoCTs to diagnose UTIs.
With a very high frequency of test results being below the LLQ,
a less stringent outcome definition (eg, the Dutch guidelines
[33]) will likely not improve performance, as many “newly
identified” UTIs will still have a test result below the LLQ. It
is noteworthy that the definition of the Dutch guidelines is not
exceptionally specific, but fits with the “everyday definition” in
a primary care setting.

The study has some limitations. First, we enrolled a hetero-
geneous study population without performing subgroup ana-
lyses. The overall aim of the study was to assess the effect of a
single marker on the diagnosis of UTIs in a routine setting of a
nursing home. As such, we specifically did not want to divide
the eligible population into subgroups, as this did does not align
with the potential implementation of PoCTs, where most likely
all nursing home residents would be eligible to be tested when
there is clinical suspicion of a UTT on the part of the medical
staff. In Supplemental File C, we calculated for both markers
the number of participants with a test result below the LLQ, and
compared these numbers between age groups, type of nursing
home ward, and the likely presence of tissue involvement (as a
proxy for distinguishing between upper and lower UTIs). We
found no clear evidence that there are marked differences be-
tween these groups, which strengthens our resolve in the deci-
sion to perform the analysis on the total study population.

Second, we also did not take into account differences in urine col-
lection methods. Collection of urine samples in the elderly can be
challenging, mostly due to a high prevalence of urine incontinence.
To enhance study feasibility, we accepted various urine collection
methods, such as insert pans and incontinence pads, for dipstick
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Figure 2. Classification curves for study-defined UTls for (A) C-reactive protein and (B) procalcitonin. The poor ability to discriminate true and false-positive classifications
is illustrated by the lines of the percentages of true and false-positive classifications, which are not separated over the full range of the marker values observed in the study.

Abbreviations: Cl, confidence interval; UTI, urinary tract infection.

urinalysis and bacterial cultures. Based on test results of urine col-
lected by diapers [29], we do not expect the different collection
methods to have notably comprised our reference test. In addition,
we only enrolled 8 diaper samples during this study (3.2%), which
further limited the risk of influencing our reference test.

Third, the clinical judgement to suspect a UTT might have dif-
fered among staff members, across different locations, or across
time (due to the published new guideline), potentially causing
clinical heterogeneity in the study population by influencing the
pretest probability of the patient having a UTL Yet, this clin-
ical uncertainty is exactly the rationale of this study and reflects
the setting where PoCTs, in cases of sufficient sensitivity, would
have been implemented.

Lastly, PoCTs were performed off site because of logistical
reasons. However, all PoCTs were performed within 4 hours
after blood collection, and all analyzers were adequately valid-
ated for delayed testing by in-depth experiments before the start
of the study.

Comparison With Other Studies

A retrospective study investigating PCT in lower UTIs in adults
(mean age, 77.1 years) found a PCT sensitivity of 67% at a
cut-off level of 0.25 ng/mL [25]. This cut-off is 10-fold higher
than the cut-off found in our study. An explanation for the dis-
crepancy may be the study location: at an emergency ward pa-
tients are likely to be severely ill, while UTIs in nursing home
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residents are mostly mild and in the lower tract [23]. Another
difference with our study was that this study aimed to rule out
UTIs (below a cut-off level of 0.25 ng/mL), instead of ruling in
UTIs (above the determined PCT cut-off level). Finally, the def-
inition of a UTT used was only based on typical UTT symptoms,
which are often not present in elderly nursing home patients.
In another study, which aimed to reduce antibiotic use for
UTIs in adults at an emergency ward, around half of the pa-
tients had a PCT value of >0.25 pg/L [24]. Here, two-thirds of
the enrolled patients had a case of “febrile” UTI or pyelone-
phritis, while in our study systemic symptoms (fever, flank pain,

and/or chills) were present in fewer than a quarter of the UTI
episodes. Moreover, in the elderly patients (>70 years) in the
emergency ward, antibiotic therapy was initiated independent
of PCT levels (which were not shown), since UTIs in this group
were seen as complicated.

In sum, 2 earlier studies showed that PCT could contribute
to diagnosing UTIs in elderly patients at the emergency ward,
while we did not show this added value in our study population
of nursing home residents. As far as we know, there are cur-
rently no comparable studies on the use of CRP in elderly or
nursing home patients for diagnosing UTIs.
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Conclusions, Policy Implications, and Questions for Future Research
CRP and PCT PoCTs do not contribute to diagnosing UTIs in
elderly nursing home residents, possibly because these cases are
mainly of relatively mild infections of the lower urinary tract
without systemic inflammation. Diagnosing UTIs in this pop-
ulation remains complex due to the high prevalence of non-
specific symptoms and ASB. The necessity of a diagnostic test
in this population is clear, and future research should focus on
novel urinary markers to distinguish ASB from true UTIs to
guide appropriate antimicrobial therapy.
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